REMARKS 



This Preliminary Amendment cancels, without prejudice, claims 1-7 in the underlying 
PCT Application No. PCT/DE03/02212 and adds new claims 8-16. The new claims, inter 
alia , conform the claims to United States Patent and Trademark Office rules and does not add 
any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including the 
Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent 
and Trademark Office rules or to correct informalities. No new matter has been added. As 
required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked-Up Version of the Substitute 
Specification comparing the Specification of record and the Substitute Specification also 
accompanies this Preliminary Amendment. Approval and entry of the Substitute 
Specification (including Abstract) are respectfully requested. 

The underlying PCT Application No. PCT/DE03/02212 includes an International 
Search Report, dated November 4, 2003, a copy of which is included. The Search Report 
includes a list of documents that were considered by the Examiner in the underlying PCT 
application. 

It is respectfully submitted that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application are 
respectfully requested. 
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Reg. No. 22, 490 



One Broadway 

New York, NY 10004 



(212) 425-7200 
(212) 425-5288 



CUSTOMER NO. 26646 



958218 



tO/524602 

DT05 Rec'c -TOPIC 1 4 FEB m 



[10191/3627] 

METHOD FOR OPERATING AN INTERNAL COMBUSTION ENGINE 
Related ArtFIELD OF THE INVENTION 

The present invention relates to a control device and a method for operating an internal 
combustion engine in which a valve needle of a fuel injector is adjusted from a closing position 
via an intermediate position to an opening position and back, with the aid of a piezoelectric 
5 actuator to which a trigger signal is applied. 

Furth e rmor e , th e pr e s e nt inv e ntion r e lat e s to a control d e vic e for an int e rnal combustion e ngin e 
in which a valv e n e edl e of a fu e l inj e ctor is adjust e d from a closing position via an int e rm e diat e 
position to an opening position and back, with th e aid of a pi e zo e l e ctric actuator to which a 
10 trigg e r signal is applied. 

BACKGROUND INFORMATION 

Such an Conventional operating m e thod as w e ll as a methods and control devieedevices for 
such a method ar e alr e ady known from th e r e lat e d art. Disadvantag e s aris e in th e known system 
1 5 especially from a mavbe disadvantageous s ignal form of th e trigg e r signal in that , which, on the 
one hand, lead sthey may lead to an increased contamination risk of the fuel injector and, on the 
other hand, pr e vents they may prevent a controlled closing of the fuel injector. 

The increased contamination risk is due to the fact that the fuel injector is in a state of a 
20 comparatively low lift of the injection needle, and thus reduced opening of the fuel injector, for 
a relatively long period of time. The danger that particles get jammed between the valve orifice 
and the valve needle and clog the valve orifice is especially great in this state. 

A greater slope steepness of the trigger signal leads to greater velocity of the valve needle in the 
25 transition from the opening to the closing position and vice versa, but, due to the high velocity 
of the valve needle, so-called needle bouncers occur when the valve needle hits the valve seat, 
which cause the fuel injector to open in an uncontrolled manner after reaching the closing 
position. Furthermore, overswingers of the valve needle may occur. 

30 SUMMARY 

Cons e qu e ntly, it lt is th e obj e ctiv e an object of the present invention to improve an operating 
method and a control device of the type mentioned in the introduction to the extent that the 
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contamination risk of the fuel injector is reduced and the valve needle is adjusted, or is able to 
be adjusted, into the opening and closing position in a controlled manner. 

This ln accordance with an example embodiment of the present invention, this object i smav be 
5 achieved in a m e thod as r e cit e d in th e pr e ambl e of Claim 1 in that if for example, the trigger 
signal has a greater slope steepness in the transition of the valve needle from the closing 
position to the intermediate position than in the transition of the valve needle from the 
intermediate position to the opening position. 

10 The relatively high slope steepness of the trigger signal for the piezoelectric actuator during the 
transition of the valve needle from the closing position to the intermediate position effects a 
rapid readjustment of the valve needle out of the closing position into the intermediate position, 
so that the period during which the fuel injector has a low needle lift is relatively brief, thereby 
reducing the likelihood of valve contamination or clogging due to jammed particles. 

15 

Accordingly, the relatively low slope steepness of the trigger signal for the piezoelectric 
actuator leads to a controlled reaching of the opening position by the valve needle during the 
transition of the valve needle from the intermediate position to the opening position, in which 
the valve needle, in particular, does not bounce so that no uncontrolled adjustment of the valve 
20 needle takes place in the opening position. 

According to anone advantageous embodiment of the present invention, the trigger signal has a 
greater slope steepness during the transition of the valve needle from the opening position to 
the intermediate position than during the transition of the valve needle from the intermediate 
25 position to the closing position. As a result, analogously to the opening procedure of the fuel 
injector, the same advantages are derived regarding the duration of the opening period of the 
fuel injector at low needle lift, or regarding the controlled attainment of the closing position by 
the valve needle. 

30 In particular, the valve needle does not bounce off the valve seat due to the relatively low slope 
steepness of the trigger signal during the transition of the valve needle from the intermediate 
position to the closing position, so that no uncontrolled opening of the fuel injector occurs after 
the valve needle has reached the closing position. 

35 Anoth e r ln accordance with another advantageous embodiment of the present invention4s 
charact e riz e d by th e fact that , during the transition of the valve needle from the opening 
position to the closing position, the trigger signal is symmetrical to the trigger signal during the 
transition of the valve needle from the closing position to the opening position. 
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Due to the symmetry, the triggering of the piezoelectric actuator is considerably simplified 
since the signal form of the trigger signal must be stored only for a transition of the valve 
needle, i.e., either for the transition of the valve needle from the closing position to the opening 
position or vice versa. The respective other trigger signal may be generated by subtraction of 
5 the stored signal values of the trigger signal from a maximum signal value for the trigger signal 
or the like, for instance. This is possible both in an analog and a digital triggering of the 
piezoelectric actuator. 

As an additional achievement of th e obi e ctiv e embodiment of the present invention, a computer 
10 program for a control device of an internal combustion engine is provided in which a valve 
needle of a fuel injector is adjusted from a closing position via an intermediate position to an 
opening position and back by means of a piezoelectric actuator to which a trigger signal is 
applied, the computer program being suited for implementing the example method according 
to the present invention. 

15 

Exceedingly advantageous is another variant of the present invention in which the computer 
program is stored on an electric storage medium, in particular a flash memory or a read-only 
memory. 

20 Yet another achi e v e m e nt of tho objective of the present invention is r e aliz e d b v advantage may 
be achieved by providing a control device for an internal combustion engine according to on e 
of th e Claims 6 or 7. . 

Further features, uses and advantages of the present invention come to light from the following 
25 description of exemplary embodiments of the present invention, which are shown in the figures 
of the drawing. In this context, all of the described or represented features, alone or in any 
combination, constitute the subject matter of the present invention, regardless of their 
combination in th e claims or th e ir ant e c e d e nts, as w e ll as r e gardl e ss of th e ir formulation and 
representation in the specification and the drawings , r e sp e ctiv e ly . 

30 

The figur e s show: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I4he shows a time characteristic of a trigger signal according to the present invention^ 

35 

Figure 2-fche shows a time characteristic of another trigger signal according to the present 
invention. 

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS 
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Trigger signal SA shown in Figure 1 is utilized in an internal combustion engine (not shown) to 
trigger a piezoelectric actuator, which adjusts a valve needle of an injection valve of the 
internal combustion engine from a closing position via an intermediate position to an opening 
position and back. 

5 

In the diagram of Figure 1, t denotes the time axis and A a value of trigger signal SA 
standardized to the maximum value of trigger signal SA. Trigger signal SA is an analog signal. 

For the further elucidation of the method according to the present invention, a plurality of 
10 regions SZ, Z0, 0Z, ZS of trigger signal SA are marked in the diagram of Figure 1, which are 
described in the following. 

At the beginning of an injection, the piezoelectric actuator (not shown) is triggered by a 
lik e wis e not shown control device of the internal combustion engine by the portion of trigger 
15 signal SA lying in region SZ in which trigger signal SA has a relatively great slope steepness. 
This e nsur e s mav ensure that the valve needle of the fuel injector is rapidly adjusted from the 
closing position, which corresponds to a zero value of trigger signal SA, into the intermediate 
position, so that states of low needle lift and thus a clogging risk caused by jammed particles 
are avoided. 

20 

Subsequently, the piezoelectric actuator is triggered during the transition from the intermediate 
position to the opening position, which corresponds to a value one of trigger signal SA, by a 
trigger signal SA having relatively low slope steepness, thereby defining region Z0 of trigger 
signal SA. The low slope steepness of trigger signal SA in region ZO has the effect that the 
25 valve needle is not too fast when it reaches the opening position and will not move out of the 
attained opening position again in an uncontrolled manner due to bouncing, or will open in an 
uncontrolled manner due to overswinging. Subsequently, trigger signal SA is maintained at its 
maximum value of one for a certain period of time. 

30 As can b e gath e r e d fro m shown in Figure 1, trigger signal SA initially traverses region OZ 
during the closing procedure, the valve needle of the fuel injector being adjusted from the 
opening position to the intermediate position. Here, the slope steepness of trigger signal SA is 
relatively high again so as to reduce the already mentioned danger of valve contamination. 

35 At the end of the injection phase, which corresponds to region ZS of trigger signal SA, trigger 
signal SA once again has a relatively low slope steepness in order to prevent valve needle from 
hitting the valve seat of the fuel injector too rapidly, and thus to avoid bouncing of the valve 
needle, which leads to uncontrolled openings of the fuel injector. 
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In this way it is possible to reduce the risk of valve contamination and simultaneously achieve 
a controlled opening and closing of the fuel injector. 

It is also possible to implement the triggering of the piezoelectric actuator by a digital signal. 
5 To this end, Figure 2 shows a corresponding diagram in which the time characteristic of digital 
trigger signal SD is indicated. The functioning method is identical to the triggering of the 
piezoelectric actuator by the analog trigger signal SA. 

Since the time for adjusting the valve needle from the opening position to the closing position 
10 is determined nearly exclusively by the kinematics of a system made up of the valve needle and 
a spring mechanically acting upon the valve needle with an initial stress, it is advantageous to 
consider the mechanical parameters of the system valve needle/spring in the selection of the 
signal form of trigger signal SA or SD so as to achieve an optimal division of the valve travel 
having high/low slope steepness. 

15 

Particularly advantageous is also a symmetry between the signal form of trigger signal SA, SD, 
which is used in the adjustment of the valve needle from the closing position to the opening 
position, and the signal form of trigger signal SA, SD, which is utilized in the adjustment of the 
valve needle from the opening position to the closing position. In this case, it is possible to 
20 store only one signal form, for example in a memory of the control device, and to generate the 
respective other signal form from the stored signal form. 

The afore-described method i smay be realized as computer program, which is able to run on 
the control device and is stored in its memory. 

25 

In general, the example method according to the present invention may be used in metering 
systems having components that are driven by piezoelectric actuators. 
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SummarvABSTRACT 



Th e pres e nt inv e ntion relat e s to aA method for operating an internal combustion engine in 
which a valve needle of a fuel injector is adjusted from a closing position via an intermediate 
5 position to an opening position and back again. The adjustment is carried out with the aid of a 
piezoelectric actuator to which a trigger signal (SA) is applied. To reduce the contamination 
danger of the fuel injector and to keep wear of the valve needle low, the trigger signal (SA) for 
triggering the piezoelectric actuator has a greater slope steepness during the transition of the 
valve needle from the closing position to the intermediate position than during the transition of 
10 the valve needle from the intermediate position to the opening position. 

(Figur e 1) 



NY01 958203 vl 



MARKED UP COPY OF THE 
SUBSTITUTE SPECIFICATION 



